ABSTRACT: The process of quality management consists of several stages defined by specific verbs. Some experts have named the stages after the following verbs [1, 2, 3] : to forecast and to plan, to organize, to direct, to control (Fayol), to plan, to do, to check, to act (Deming); to design, to implement, to manufacture, to deliver; to design, to supply, to control, to assess; to develop, to inspect, to control, to improve or to enhance; to establish quality policies and quality objectives, to establish strategies for quality planning, to determine strategies for quality control ,to establish quality assurance policies ,to establish policies in the field of quality improvement. In this work we will show that a model of improving the quality management process could be defined starting from the following verbs: to identify needs, to program, to construct, to verify. We will also define a new quality indicator in the OpreanBucur model. We applied the models for a course of the Faculty of Engineering from Sibiu, Romania.
THE I-P-C-V MODEL FOR IMPROVING THE QUALITY MANAGEMENT.THE OPREAN-BUCUR QUALITY MODEL
In the fulfilment of our work, we used the mathematical model of the method of linear programming, PERT analysis, in which we inserted the components of the IPCV quality management model shown in Figure 1 . For the model simulation, we used the WinQSB software, in which we will enter the values of the quality characteristics, on a scale from 10 to 100, specific to the steps of needs identification, programming, construction, verification of the product. Step 1. Identifying the requirements of the quality characteristics that will be marked with the variables x1 , ...,x6. The meaning of variables xi are the following:
• x1 represents need / requirement of a specific technical characteristic (efficiency, weight, power, temperature, tolerances, speeds etc) expressed on a Likert scale from 10 to 100;
• x2 -need / requirement of a certain economic characteristic (duration of the guarantee, investment, cost, service, etc) expressed on a Likert scale from 10 to 100;
• x3 -need / requirement of a certain aesthetic characteristic (aspects of finishing, regarding the packaging, color, etc) expressed on a Likert scale from 10 to 100;
• x4 -need / requirement of a certain social characteristic (noise, vibrations, etc) expressed on a Likert scale from 10 to 100;
• x5 -need / requirement of a certain functional characteristic (reliability, maintainability, etc) expressed on a Likert scale from 10 to 100;
• x6 -need / requirement of an environmental characteristic (air emissions, use of non-renewable resources etc) expressed on a Likert scale from 10 to 100.
Step 2. Establishing the objective function F1 = F1 (x1, ..., x6) taking into consideration the variables given in Step 1. The coefficients of the variables each represent the arithmetic mean of the values set on a Likert scale of type 1/3/5/7/9 of the importance, necessity, utility criterion in achieving the objectives from the first stage of the quality management process. The criterion were set for the stage of identifying the needs (in fig.1 ).
Step 3. Defining the dependency relationship of the objective function with the variables: F1(x1,…,x6) = a1x1 + … + a6 x6 (1) which is a summation of the variables multiplied by factors of influence a1, ..., a6. In our model, the objective function F1 depends on the variables x1, ..., x6 in ascending order and from the range [10, 100].
Step 4. We open the Linear and Integer Programming module by accessing the Start menu, clicking on the module, which will open a dialog window that has a menu bar specific to module.
Step 5. We introduce the problem's data, for the needs' identification phase, provided in the relation (1) and the problem's restrictions, in the Linear and Integer Programming module through the commands:
• File → New Problem, which opens a new window with the following fields: Title → Number of Variables → Number of Constraints→ Objective Criterion(Maximization/Minimization) → Default Variable Type → Normal Model Form that we complete according to the figures below( fig.2, fig.3 ): Step 6. We now use the menu Edit, which contains options that allow us to change the type of the objective function, the names for restrictions, the introduction or deletion of variables, the addition or deletion of restrictions. We will complete the window mentioned at point 5 with the mathematical expression of the aim function and the mathematical expressions of the constraints. The new window obtained will have the image from figure 3.
Step 7. From the menu Solve and Analyse, we select and click on the command Solve the Problem or Solve and Display Steps or Graphic Method for solving the problem and displaying the result( fig.4, fig.5 ): We find that the maximum of the objective function, respectively of the optimum quality, displayed by the Linear and Integer Programming module is read from the fourth column of the table, from the picture above and represents the value of 2980.00( fig.4) . After obtaining the maximum of the objective function we will create a hierarchy of needs / requirements by the criterion of their contribution in the objective function and a plan of quality characteristics needed to be achieved in implementing the product, service or process, containing also the measures for increasing the performance for each individual feature and a prioritization of the appliance of those measures.
The stage of programming the activities
In this stage, we set the ways of action, their sequence, the time limits for their completion and their related costs. The analysis of the total cost of the rescheduling stage can be made through a PERT analysis and can also be simulated with software applications such as WinQSB. In this respect, a table will summarize all activities, redesigned in order to achieve the product and the precedence relations between activities, such as Table 1 . Precedence refers to the activities that must be completed before the activity conducted, so that it can begin. The time each activity will consume is subjectively estimated, so that a scheduling of the total time can be made to complete the realization of the product. In case of simulation, all these elements are analyzed and assembled into a network model automatically created by the WinQSB software. Figure 6 : Figure 6 . The activities, the costs, the time 
with a total duration of 155 days, the activities being framed within a limited time provided in the third column of Figure 8 . In columns 4,5,6,7 and 8 are shown the times of onset and completion of each activity, as well as the differences between the earliest time of completion and the earliest time of onset of each activity. Critical path cost was calculated automatically by the program, to the amount of 4650$ and the total cost of implementing the product, process or service to the amount of 4950$.
The Construction Stage
In this stage is made the proper implementation of the product or proper conduct of the process, analyzed in terms of quality. The actions specified in the second step are performed, respecting their succession, their performance requirements, the time limits imposed.
The Verification Stage
In this stage is made the needs/requirements verification.
Step 1. Specifying the variables denoted by y1 , ..., y6.
• y1 represents the verification on a Likert scale of type 10 -... -1000 the meeting of a need/requirement of a certain technical feature(yield, mass, power, temperature, tolerances, speeds, etc.);
• y2 -the verification on a Likert scale of type 10 -... -1000 the meeting of a need/requirement of a certain economic feature(guarantee duration, investments, cost, service etc.)
• y3 -the verification on a Likert scale of type 10 -... -1000 the meeting of a need/requirement of a certain technical feature (finishing aspects, packaging, color etc.);
• y4 -the verification on a Likert scale of type 10 -... -1000 the meeting of a need/requirement of a certain social feature (noise, vibrations, etc.);
• y5 -the verification on a Likert scale of type 10 -... -1000 the meeting of a need/requirement of a certain functional feature (reliability, maintainability etc.);
• y6 -the verification on a Likert scale of type 10 -... -1000 the meeting of a need/requirement of a certain environmental feature (air emissions, use of non-renewable resources etc).
Step 2. The establishment of the objective function F2 = F2 (x1, ..., x6), taking into consideration the variables mentioned in step 1. The variables' coefficients each represent the arithmetic mean of the values set on a Likert scale of type 1/3/5/7/9 of the criterions of importance, necessity, utility in achieving the objectives from the first stage of the quality management process. The criterions were provided for the verification phase in Figure 1 .
Step 3. Defining the dependency relationship of the objective function in relation to the variables: F2(y1,…,y6) = a1 y1 + … + a6 y6 (2) which represents a summation of the variables multiplied by factors of influence a1, a2,…, a6. In our application, the objective function F2 depends on the variables y1,…,y6, in ascending order and within the range [10, 100].
Step 4. We open the Linear and Integer Programming module by accessing the Start menu, clicking on the module, which will open a dialogue window that has a menu bar with menus specific to the module.
Step 5. We introduce the problem data, for the identification of needs phase, provided in relation (2) Step 6. We use the menu Edit, which contains options that permit the changing of the type of the objective function, of the names for restrictions, the introduction or deletion of some variables, the addition or deletion of restrictions. We will complete the window mentioned in point 5 with the mathematical expression of the aim function and the mathematical expressions of the constraints. The new obtained window will have the image from Figure11.
Step 7.From the Analyse and Solve menu, we select and click the command Solve the Problem or Solve and Display Steps or Graphic Method for solving the problem and displaying the result ( fig.12, fig.13 ): We find that the maximum of the objective function, respectively of obtaining the optimum quality, displayed by the module Linear and Integer Programming is read from the fourth column of the table, in the image above and represents the value of 940.00, which is, in this case, a satisfactory value, if we interpret it on the Likert scale 10 -... -1000. After obtaining the maximum of the objective function, we will make a hierarchy of the quality characteristics, based on the criterion of their contribution in the objective function and a plan of measures to improve quality, containing performance measures for each individual feature and a prioritization of the implementation of the measures. Conclusions: We define the mathematical model of the report function: F(x1,..,x6, y1,..,y6) = (F_1 (x_1,..,x_6) )/ (F_2 (y_1,..,y_6) ) (3) that has as counter, respectively denominator, the values of the objective functions from the stages one and four(identification of needs, verification). Its value is a quality indicator. The fulfilment of objectives related to the making of the product, is achieved if the value of the report function from formula (3) is lower than 1. The lower the value than 1, the more certain we are that the customers will appreciate the quality of the product, as being the desired one, as being the one that meets to their needs. We will appreciate the level of quality according to the values of the indicator in formula (3), as follows: Table 2 . Quality levels
We call the mathematical model from formula (3) the OpreanBucur model of quality. In the specific case studied, F(x1,…,x6, y1,…,y6) = 2980/940 =3,17, product analyzed has a low quality. Ultimately, the fulfilments of the quality management objectives will be conditioned by the features of each organization, the specific manner of exerting the competences of the managers and other factors involved in the functioning of the organization, suppliers, customers, in each stage of the quality management process.
THE I-P-C-V MODEL AND THE OPREAN-BUCUR MODEL OF QUALITY APPLIED IN THE COURSE "SPECIAL MATHEMATICS" OF THE FACULTY OF ENGINEERING, ,,LUCIAN BLAGA" UNIVERSITY OF SIBIU
In the development of the application, we used the mathematical method of linear programming, the PERT analysis, in which we inserted the components of the I-P-C-V model of improving the quality management, shown in Figure  14 . For the simulation of the model, we used the WinQSB software, in which we introduced the values of the quality characteristics on a scale from 10 to 100, specific to the stages of identification of needs, programming, construction, verification of the course "Special Mathematics" from the curriculum Electromechanical study programme, of the Faculty of Engineering of the "Lucian Blaga" University of Sibiu". 
The stage of identifying needs
Step 1.Identifying the requirements of the quality characteristics that will constitute variables marked with x1 , ..., x6. The meaning of the variables xi are the following:
• x1 represents the need for printed training materials expressed on a Likert scale from 10 to 100;
• x2 -the need for electronic training materials, expressed on a Likert scale from 10 to 100;
• x3 -the need to include in the analytical syllabus the necessary mathematical apparatus necessary to the teaching of other specialized disciplines, expressed on a Likert scale from 10 to 100;
• x4 -the need of as many connections as possible to the practical aspects of the electrical and mechanical fields, expressed on a Likert scale from 10 to 100;
• x5 -the need to make connections between the course's topic and the mathematical knowledge from the secondary education, expressed on a Likert scale from 10 to 100;
• x6 -the need to know how to simulate mathematical models in more softwares, expressed on a Likert scale from 10 to 100.
The customers, in this case, are students and the course, a service offered by the "Lucian Blaga" University of Sibiu .
Step 2. The establishment of the objective function F1 = F1 (x1, ..., x6), taking into consideration the variables provided in
Step 1. The variables' coefficients each represent the arithmetic mean of the values set on a Likert scale of type 1/3/5/7/9, of the criterions of importance, necessity, utility, in fulfilling the objectives from the first stage of quality management process. The criterions were set for the stage of identifying the needs in Figure 14 .
Step 3. Defining the dependency relationship of the objective function in relation to the variables: F1(x1,…,x6) = a1x1 + … + a6 x6 (4) which represents a summation of the variables multiplied by factors of influence a1, ..., a6. In our application, the objective function F1 depends on the variables x1,...,x6, in ascending order and within the range [10, 100].
Step 5. We introduce the problem data, for the identification of needs phase, provided in relation(4) and in the restrictions of the problem, in the Linear and Integer Programming module by the following commands:
• File → New Problem, which opens a new window with the following fields: Title→ Number of Variables → Number of Constraints → Objective Criterion (Maximization/Minimization) → Default Variable Type → Normal Model Form that we complete according to the image below( fig.15, fig.16 ): 
Step 6. We use the menu Edit, which contains options that permit the changing of the type of the objective function, of the names for restrictions, the introduction or deletion of some variables, the addition or deletion of restrictions. We will complete the window mentioned in point 5 with the mathematical expression of the aim function and the mathematical expressions of the constraints. The new obtained window will have the image from Figure 14 We find that the maximum of the objective function, respectively of the optimum quality, displayed by the module Linear and Integer Programming is read from the fourth column of the table, from the picture above and represents the value of 4500.00. After obtaining the maximum of the objective function, we have developed a hierarchy of needs/requirements based on the criterion of their contribution in the objective function and a plan of the quality characteristics necessary in achieving the implementation of the course, including also measures for increasing performance for each individual feature and a prioritization of the implementation of those measures, as in Table 3 . In this stage, we set the action methods, their sequence and the time limits for their fulfilment, as seen in Table 4 . Table 4 . The timed successive activities
Step 1. From the keyboard, are inserted in the PERT / CPM module of the WinQSB software: the activities to be performed, their precedents, the time of 20 weeks, obtaining the image from Figure 19 . Representing the activities to be performed
Step 2. By using the commands Format → Swith to Graphic Model, the PERT diagram is obtained.
Step 3. By using the command Solve Critical Path, we obtain: the critical path, the time of accomplishment of all activities, as well as times of beginning and completion of each activity, as in Figure 20 . 
The construction stage
In this stage is made the proper presentation of the course analyzed in terms of quality. The actions provided in the second stage are performed, keeping their succession, their performance conditions, the time limits imposed.
The verification stage
In this stage is made the verification of the fulfilment of needs/requirements.
Step 1. Specifying the variables denoted by y1, ..., y8.
• y1 represents verifying the need satisfaction of printed courses, expressed on a Likert scale from 10 to 100 (as an average of the need of each student); • y2 -verifying the need satisfaction of courses in electronic format, expressed on a Likert scale from 10 to 100; • y3 -verifying the need satisfaction of including in the curriculum mathematical models necessary in the teaching of other specialized disciplines, expressed on a Likert scale from 10 to 100; • y4 -verifying the need satisfaction of making connections with the practical aspects of the electrical and mechanical fields, expressed on a Likert scale from 10 to100; • y5 -verifying the need satisfaction of making connections between the course's topics and the knowledge of mathematics in the secondary education, expressed on a Likert scale from 10 to 100; • y6 -verifying the need satisfaction of knowing how to simulate mathematical models in many softwares, expressed on a Likert scale from 10 to100; • y7 -the degree of the partial evaluation results, expressed on a Likert scale from 1 to 10; • y8 -the results of the final evaluations, expressed on a Likert scale from 1 to 10.
Step 2. Establishing the objective function F2= F2(y1,…,y8) , taking into consideration the variables provided in Step 1. The variables' coefficients each individually represent the arithmetic mean of the values set on a Likert scale of type 1/3/5/7/9, of the criterions of importance, necessity, utility in achieving the objectives from the first stage of the quality management. The criterions were set for the stage of identifying needs in Figure 14 .
Step 3. Defining the dependency relation of the objective function in relation to the variables: F2(y1,…,y8) = a1 y1 + … + a8 y8 (5) which represents a summation of the variables multiplied by factors of influence a1, ..., a8. In our application, the objective function F2 depends on the variables y1,...,y8 in ascending order and ranging between [10, 100].
Step 4. We open the Linear and Integer Programming module by accessing the Start menu, clicking on the module, which will open a dialog window that has a menu bar specific to the module.
Step 5. We introduce the problem's data, for the stage of identifying needs, provided in relation (5) Step 6. We use the menu Edit, which contains options that allows us to change the type of the objective function, the names of the restrictions, the introduction or deletion of variables, the addition or deletion of restrictions. The new obtained window will have the image from Figure 22 .
Step 7. From the menu Analyse and Solve, we select and click on Solve the Problem or Solve and Display Steps or Graphic Method for solving the problem and displaying the result( fig.23, fig.24 ): 
CONCLUSIONS
After obtaining the maximum of the objective function, we will create a hierarchy of quality characteristics based on the criterion of their contribution in the objective function and a plan of measures for improving the quality, containing measures for increasing the performance of each individual feature and a prioritization of the application of the measures. Table 5 . Prioritization action plan
In this case, the value of the indicator from formula (3) is 4500/4500=1, which indicates a high quality of the course. Ultimately, the fulfilment of the management objectives of the "Special Mathematics" course will be conditioned by its logistic assurance, by the students' prior knowledge and by the students' interest in the course.
